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Description 

[0001] The present invention relates to a method of 
producing a single crystal thin film grown by a vapor 
phase epitaxy on a silicon single crystal substrate at a 
low temperature. 

[0002] In order to grow a single crystal thin film by a 
vapor phase epitaxy on a silicon single crystal substrate, 
a vapor-phase growth system or apparatus 1 0 such as 
shown in FIG. 5 is used. A silicon single crystal substrate 
W is mounted on a holder 16 rotatable around the axis 
of a rotating shaft 14 within a reactor vessel 12 of the 
vapor-phase growth apparatus 10. A heating means 18 
is provided to heat the silicon single crystal substrate W 
at a desired temperature. A source gas is supplied from 
an inlet 20, then flows downstream over the silicon sin- 
gle crystal substrate W, and finally is exhausted from an 
outlet 22. 

[0003] As shown in FIG. 4, it has been conventionally 
practiced to heat the silicon single crystal substrate W 
to a high temperature, such as 1,160°C, in an atmos- 
phere of hydrogen (H 2 ) gas, subsequently hold at the 
same temperature for removing, by etching with hydro- 
gen chloride (HC/), a native oxide film 24 consisting of 
silicon dioxide formed on a main surface of the silicon 
single crystal substrate W, and thereafter introduce a 
source gas over the main surface of the silicon single 
crystal substrate W at 1 , 1 00°C, for example, for growing 
a single crystal thin film on the main surface free from 
the oxide film. 

[0004] A native oxide film 24 formed on the surface of 
a silicon single crystal substrate W by the effect of oxy- 
gen and moisture in air generally has a thickness of 
about 0.5 to 2 nm. In order to produce a single crystal 
thin film by a vapor phase epitaxy on a silicon single 
crystal substrate W while maintaining the crystallo- 
graphy axis of the substrate W, the native oxide film 24 
should be removed in advance. 
[0005] According to the conventional process, how- 
ever, when the native oxide film 24 is removed while the 
silicon single crystal substrate W is held at a high tem- 
perature above 1,100°C, a dopant such as boron is 
evaporated due to outdiffusion from the silicon single 
crystal substrate W resulting in that a layer of about 0.5 
H.m in thickness with a reduced dopant concentration is 
formed in the vicinity of the surface of the silicon single 
crystal substrate W. 

[0006] Furthermore, since the surface of the silicon 
single crystal substrate W is also etched off when the 
native oxide film 24 is etched off by hydrogen chloride, 
a dopant, such as boron, incorporated in the substrate 
W is released into the vapor phase. Thus the released 
dopant and evaporated dopant due to outdiffusion are 
reincorporated into the single crystal thin film while 
growing by the vapor phase epitaxy, thereby causing au- 
todoping. 

[0007] As a diameter of a silicon single crystal be- 
comes larger, a single-wafer process has found a wide- 



spread use in the vapor phase growth process. Howev- 
er, since the single-wafer production apparatus, as op- 
posed to a batch processing type production apparatus, 
can process only one silicon single crystal substrate 
5 through a single cycle of operation. Therefore, a sub- 
stantial reduction in the processing time of this appara- 
tus is required to increase the throughput. 
[0008] Applied Physics Letters, vol . 53, No. 1 5 (1 0 Oc- 
tober 1988), New York, US, pages 1423 to 1425disclos- 
io es a method of growing a single crystal thin film having 
the features of the preamble of claim 1 . 
[0009] EP-A-0 445 754 is directed to the growing of 
diamond or c-BN thin films, and describes the use of 
hydrogen fluoride and hydrogen gas for cleaning pur- 
's poses prior to the epitaxial growth. According to EP-A- 
0 445 754, the vacuum chamber in which the substrate 
is placed is heated to a temperature in the range 
500-1 .200° C. Afterwards, the gas mixture containing 
hydrogen fluoride and hydrogen gas is introduced into 
20 the chamber. 

[0010] However, there is the need and the object to 
provide a method of producing a single crystal thin film 
with a reduction of the dopant evaporation due to out- 
diffusion, autodoping and the processing time. 
25 [001 1 ] This object is solved by the method of claim 1 . 
Preferred embodiments are disclosed in the dependent 
claims. 

[0012] The mixed gas is introduced into the reactor 
vessel while the temperature of the silicon single crystal 

30 substrate is raised. Further, the mixed gas is preferably 
introduced when the temperature of the silicon single 
crystal substrate is 1 00°C or above. 
[001 3] In one preferred form of the invention, the heat- 
ing of the silicon single crystal substrate begins at a tem- 

35 perature of 1 00°C or below. 

[0014] Preferably, the silicon single crystal substrate 
is placed in the reactor vessel while it is supported on 
its backside by a point contacted at more than three 
points or by an annular support. 

^o [001 5] The mixed gas is preferably prepared such that 
the hydrogen fluoride gas in the reactor vessel has a 
concentration in the range of 0.001 to 1 .0 vol%. 
[001 6] The use of hydrogen fluoride gas ensures that 
at a temperature of 850°C or below, a native oxide film 

45 of 0.5 to 2 nm in thickness formed on a surface of a sil- 
icon single crystal substrate can be removed within one 
minute. The heating temperature of the silicon single 
crystal substrate not exceeding 1 ,000°C makes a result 
that a dopant such as boron is prevented from evapo- 

50 rating from a surface region of the. substrate due to out- 
diffusion. 

[001 7] The hydrogen fluoride gas has no direct action 
to the surface of the silicon single crystal substrate but 
can only remove an oxide film on the surface of the sub- 
55 strate in a rapid manner. Accordingly, while the native 
oxide film is removed, the dopant such as boron is not 
evaporated from the substrate into the vapor phase, 
thereby the occurrence of the so-called autodoping is 
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prevented. Since the hydrogen fluoride gas, when used 
in a reductive atmosphere of hydrogen gas, can prevent 
moisture from reacting with the surface of the substrate, 
the substrate can retain a smooth surface even after the 
native oxide film is removed. 

[0018] Forthe concentration of hydrogen fluoride gas 
to be introduced into the reactor vessel, a very small val- 
ue is appropriate. When the hydrogen fluoride gas con- 
centration exceeds 1 vol%, hydrogen fluoride reacts 
slightly with silicon surface at higher than 850°C, result- 
ing in very small roughness on the surface of the sub- 
strate. The hydrogen fluoride gas concentration less 
than 0.001 vol% is inadequate because it does not con- 
tribute to the progress in removing the oxide film. 
[0019] The hydrogen fluoride gas is able to remove 
the native oxide film at low temperatures. Accordingly, 
if the hydrogen fluoride gas is effected to the native ox- 
ide film while increasing the temperature of the silicon 
single crystal substrate, it is possible to reduce or cut 
down the time for the process to remove the native oxide 
film. 

[0020] The hydrogen fluoride gas can be used in the 
gaseous state when the temperature is not lower than 
its condensation temperature, i.e., 19.4°C. However, if 
it is effected to the silicon single crystal substrate at 
around room temperature, fluorine atoms remain on the 
surface of the substrate after the native oxide film is re- 
moved. 

[0021] To solve this problem, the hydrogen fluoride 
gas is effected to the silicon single crystal substrate 
while being heated at a temperature of 100°C or above 
in the hydrogen gas atmosphere. Fluorine atoms left on 
the surface of the substrate after the removal of the na- 
tive oxide film react with thermally excited hydrogen 
molecules and separate from the substrate surface as 
hydrogen fluoride. The surface of the silicon single crys- 
tal substrate, now free from fluorine atoms, is terminated 
with hydrogen atoms. 

[0022] Heating of the silicon single crystal substrate 
to raise the temperature should preferably be started at 
a temperature of 100°C or below because H 2 0 mole- 
cules which have adsorbed to the surface of the silicon 
single crystal substrate while stored in air still remain 
and can affect to the reaction of hydrogen fluoride and 
silicon dioxide, thereby accelerating the rate of native 
oxide film removal. 

[0023] The above and other objects, features and ad- 
vantages of the present invention will become manifest 
to those versed in the art upon making reference to the 
detailed description and the accompanying sheets of 
drawings. 

FIG. 1 is a process chart showing a process for pro- 
ducing a single crystal thin film according to Exam- 
ple 1 of the present invention; 
FIG. 2 is a graph showing the heating power gen- 
erated during the process for producing the single 
crystal thin film according to Example 1 ; 



FIG. 3 is a diagrammatical cross-sectional view 
showing a vapor-phase growth system used for car- 
rying out the process of the present invention; 
FIG. 4 is a process chart showing a conventional 
5 process for producing a single crystal thin film; and 
FIG. 5 is a diagrammatical cross-sectional view 
showing one example of the conventional vapor- 
phase growth systems. 

w [0024] The present invention will be described below 
in greater detail with reference to the accompanying 
sheets of drawings and FIGs. 1 through 3, in particular. 
[0025] FIG. 3 diagrammaticalty illustrates a vapor- 
phase growth system or apparatus 1 0 particularly suit- 
's able for use in a process for growing a single crystal thin 
layer or film by a vapor phase epitaxy on a silicon single 
crystal substrate W according to the present invention. 
It is to be noted that in FIG. 3 these parts which are iden- 
tical or corresponding to those shown in FIG. 5 are des- 

20 ignated by the same reference characters. 

[0026] A silicon single crystal substrate W is mounted 
on a holder 16 via a substrate support 17. The holder 
1 6 is rotatable around the central axis of a rotating shaft 
14 in a reactor vessel 12 of the horizontal vapor phase 

25 growth system 1 0. A heating means 1 8 composed of a 
plurality of radiation heating lamps is arranged outside 
the reactor vessel 1 2 for heating the silicon single crystal 
substrate W to desired temperatures. A source gas is 
supplied from a gas inlet 20, then flows downstream 

30 over the silicon single crystal substrate W, and finally is 
exhausted from a gas outlet 22. 
[0027] The substrate support 1 7 has a construction 
which is capable of holding the silicon single crystal sub- 
strate W by a point contact at more than three points. 

35 The substrate support 17 should no longer be limited to 
the illustrated embodiment but may include an annular 
substrate support or one having any other suitable 
shape and configuration. The substrate support 17 
made of transparent quality glass has no capability to 

40 be heated by lamps. Since the silicon single crystal sub- 
strate W is the only object to be heated by the heating 
means 1 8, it is effective for reducing the processing time 
because of its high rate for cooling down. 
[0028] The present invention will be further described 

45 below by way of the following experimental example 
achieved in the manner shown in FIGs. 1 and 2 forthe 
production of a single crystal thin layer or film by the use 
of the vapor-phase growth system 10 described above. 

so Example 1 

[0029] A 200-mm-diameter, (100)-oriented, 
0.0150-cm-resistivity, boron-doped silicon single crys- 
tal substrate W which had been stored in air at room 
55 temperature was mounted on the substrate support 1 7 
in the reactor vessel 12 of the vapor-phase growth sys- 
tem 10. 

[0030] Then, nitrogen gas was introduced from the 
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gas inlet 20 into the reactor vessel 12 to replace the at- 
mosphere in the reactor vessel 12. 
[0031] The supply of the nitrogen gas to the reactor 
vessel 1 2 was stopped, and subsequently hydrogen gas 
was supplied from the gas inlet 20 into the reactor vessel 
1 2 at a flow rate of 1 00 liter per minute, thereby replacing 
the atmosphere in the reactor vessel 12 with the hydro- 
gen gas. The supply of the hydrogen gas was continued 
until a vapor-phase growth process completes, as 
shown in FIG. 1. 

[0032] The silicon single crystal substrate W was 
heated up from a temperature about 25°C, and when 
the temperature of the silicon single crystal substrate W 
exceeded 100°C, a mixed gas consisting of hydrogen 
fluoride gas and the hydrogen gas was introduced into 
the reactor vessel 12 such that the mixed gas was pre- 
pared to have a hydrogen fluoride concentration of 0.5 
vol% in the reactor vessel 12, thereby etching off a na- 
tive oxide film 24f rom a main surface of the silicon single 
crystal substrate W. 

[0033] As shown in FIG. 2, while the temperature was 
increased, the output power of the radiation lamps 
(heating apparatus) 1 8 was maintained at 1 00 % to gen- 
erate a greater heating power than as needed when a 
silicon single crystal thin film was grown. The introduc- 
tion of the hydrogen fluoride gas to the reactor vessel 
1 2 was stopped when 40 seconds passed after the heat- 
ing power was first generated. Thereafter, the tempera- 
ture of the silicon single crystal substrate W reached a 
desired temperature in the range of 800 to 1,000°C 
whereupon the output power of the radiation lamps 18 
was reduced. 

[0034] When the temperature of the silicon single 
crystal substrate W was stabilized at the aforesaid de- 
sired temperature, a source gas of trichlorosilane was 
introduced from the gas inlet 20 into the reactor vessel 
12 for 2 minutes, thereby forming an about 2-u.m-thick- 
ness silicon single crystal thin film grown over the main 
surface of the silicon single crystal substrate W. Upon 
completion of this vapor-phase epitaxy process, heating 
by the radiation lamps 18 was stopped, causing imme- 
diate cooling-down of the silicon single crystal substrate 
W. About 2 minutes later, the temperature of the silicon 
single crystal substrate W went down below 100°C. 
[0035] The silicon single crystal thin film grown on the 
silicon single crystal substrate W was evaluated for the 
resistivity distribution within wafer and depth-wise resis- 
tivity profile with the result that the effect of autodoping 
and evaporation of the dopant caused by outdiffusion 
was found to be quite small. Furthermore, evaluations 
taken with the use of the electron diffractometry and the 
X-ray diffractometry showed that the silicon thin film was 
a single crystal having, over its entire surface, the same 
crystal orientation as the silicon single crystal substrate 
W. 



Comparative Examples 1 - 3 

[0036] The proceeding of Example 1 was repeated 
with the difference that the ambient gas used for remov- 

s ing the native oxide film 24 by etching was changed from 
hydrogen gas to an inert gas, such as nitrogen (Com- 
parative Example 1), argon (Comparative Example 2) 
or helium (Comparative Example 3). Experimental re- 
sults uncovered that between the hydrogen gas and any 

10 one of the above-specified inert gases, no remarkable 
difference was found in terms of the rate for removing 
the native oxide film 24. However, in the case of the 
Comparative Examples 1 - 3 in which the silicon single 
crystal substrate W was treated by the hydrogen fluoride 

15 gas while being heated in an ambient of any one of the 
aforesaid inert gases, the treated silicon single crystal 
substrate W had a noticeable amount of very small 
roughness on its surface. 

[0037] This phenomenon was probably caused by the 

20 following reasons. Actually, the hydrogen gas, nitrogen 
gas, argon gas and helium gas all contain a very small 
amount of moisture which has an effect of enhancing 
the corrosive properties of the hydrogen fluoride to 
thereby promote removal of the native oxide film. On the 

25 other hand, the moisture has a function to oxidize an 
active surface of the silicon single crystal substrate W 
which comes out or appears after the native oxide film 
is removed. In sum, moisture in the ambient gas oxidiz- 
es the surface of the silicon single crystal substrate W 

30 and thereby forms an oxide film, and at the same time, 
the hydrogen fluoride activated by the moisture removes 

^.the^cfejilrri..^ 

[0038] Since the nitrogen, argon and helium or the like 
inert gas is inert and hence cannot control or suppress 

35 the oxidative effect of the moisture even though the con- 
tent of the moisture is very small. The hydrogen gas, as 
opposed to the inert gas, is a reductive gas and hence 
can control or suppress the oxidative effect of the very 
small amount of moisture mixed with the hydrogen gas 

40 to thereby maintain a reductive atmosphere. The hydro- 
gen fluoride gas mixed with the hydrogen gas is there- 
fore advantageous in removing the oxide film. 
[0039] One embodiment of the present invention has 
been described above in conjunction with a method of 

4 5 removing a native oxidefilm achieved when a silicon sin- 
gle crystal thin film is grown. It is to be noted however 
that the native-oxide-film removing method can be ef- 
fectively applied to the growth of a single crystal thin film 
composed of a material other than silicon. 

50 [0040] As described above, according to the present 
invention, hydrogen fluoride gas is used in an ambient 
of hydrogen gas at a temperature of 850°C or below to 
remove a native oxide film on a surface of a silicon single 
crystal substrate with the result that both evaporation of 

55 a dopant caused by outdiffusion and autodoping can be 
suppressed and the substrate can retain a smooth sur- 
face even after the native oxide film is removed. Since 
the native oxide film is removed while the temperature 
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of a silicon single crystal substrate is raised, a substan- 
tial reduction of the processing time can be attained. 
[0041 ] Obviously, various minor changes and modifi- 
cations of the present invention are possible in the light 
of the above teaching. It is therefore to be understood 
that within the scope of appended claims the invention 
may be practiced otherwise than as specifically de- 
scribed. 



Claims 

1. A method of growing a single crystal thin film com- 
prising the steps of: 

(a) heating a silicon single crystal substrate (W) 
placed in a reactor vessel (12); 

(b) then, while the temperature of the silicon 
single crystal substrate (W) is 850°C or below, 
introducing a mixed gas into the reactor vessel 
(12) for removing a native oxide film (24) on a 
main surface of the silicon single crystal sub- 
strate (W); and 

(c) thereafter, growing a single crystal thin film 
by a vapor phase epitaxy on said main surface 
free from the native oxide film (24) at a temper- 
ature of 1 ,000°C or below, 

characterized in that 

said mixed gas is composed of hydrogen fluo- 
ride gas and hydrogen gas, and in that 

said mixed gas is introduced into the reactor 
vessel (1 2) while the temperature of the silicon 
single crystal substrate is raised. 

2. The method according to claim 1, wherein said 
mixed gas is introduced when the temperature of 
the silicon single crystal substrate (W) is 100°C or 
above. 

3. The method according to any one of the preceding 
claims 1 - 2, wherein said heating of the silicon sin- 
gle crystal substrate (W) begins at a temperature of 
100°C or below. 

4. The method according to any one of the preceding 
claims 1 - 3, wherein the silicon single crystal sub- 
strate (W) is placed in the reactor vessel (12) while 
it is supported on its backside by a point contact at 
more than three points or by an annular support. 

5. The method according to any one of the preceding 
claims 1 - 4, wherein said mixed gas is prepared 
such that said hydrogen fluoride gas in the reactor 



vessel (12) has a concentration in the range of 
0.001 to 1.0 vol%. 



5 Patentanspriiche 

1. Verfahren zur Zuchtung eines Einkristall-Dunn- 
films, das die Schrrtte umfasst: 

10 (a) Erwarmung eines Silicium-Einkristallsub- 

strats (W), das in einem ReaktionsgefaG (12) 
angeordnet ist; 

(b) dannEinleiten, wahrend die Temperaturdes 
Silicium-Einkristallsubstrats (W) 850°C Oder 
15 darunter betragt, eines gemischten Gases in 

das ReaktionsgefaG (12) zur Entfernung eines 
naturlichen Oxidfiims (24) auf einer Hauptober- 
flache des Silicium-Einkristallsubstrats (W); 
und 

20 (c) danach Zuchtung eines Einkristall-Dunn- 

films durch eine Dampfphasen-Epitaxie auf der 
Hauptoberflache, diefrei vom naturlichen Oxid- 
film (24) ist, bei einer Temperatur von 1000°C 
oder darunter, 

25 

dadurch gekennzeichnet, dass 

das gemischte Gas aus Wasserstofffluoridgas 
und Wasserstoffgas zusammengesetzt ist, und 
30 dass 

das gemischte Gas in das ReaktionsgefaG (12) 
eingeleitet wird, wahrend die Temperatur des 
Silicium-Einkristallsubstrats erhoht ist. 

35 2. Verfahren nach Anspruch 1, wobei das gemischte 
Gas eingeleitet wird, wenn die Temperatur des Si- 
licium-Einkristallsubstrats (W) 100°C oder dariiber 
betragt. 

40 3. Verfahren nach einem der vorhergehendenAnsprti- 
che 1 - 2, wobei die Erwarmung des Silicium-Ein- 
kristallsubstrats (W) bei einer Temperatur von 
100°C oder darunter beginnt. 

45 4. Verfahren nach einem dervorhergehenden Anspru- 
che 1 - 3, wobei das Silicium-Einkristallsubstrat (W) 
im ReaktionsgefaG (1 2) angeordnet wird, wahrend 
es auf seiner Ruckseite durch einen Punktkontakt 
an mehr als drei Punkten oder durch eine ringfor- 
50 mige Halterung gehalten wird. 

5. Verfahren nach einem dervorhergehenden Anspru- 
che 1 - 4, wobei das gemischte Gas so angesetzt 
ist, dass das Wasserstofffluoridgas im Reaktions- 
55 gefaG (12) eine Konzentration im Bereich von 0,001 
bis 1 ,0 Vol% aufweist. 
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Revendf cat ions 

1. Proc6d£ de croissance d'un film mince monocris- 
tallin comprenant les dtapes de : 

5 

(a) chauffage d'un substrat (W) monocristallin 
en silicium place dans une cuve (1 2) d'un r£ac- 
teur 

(b) ensuite, tandis que la temperature du subs- 10 
trat (W) monocristallin en silicium est egale a 
850°C ou inferleure, introduction d'un gaz me- 
lange dans la cuve (12) du reacteur, afin d'eli- 
miner le film (24) d'oxyde natif sur une surface 
principale du substrat (W) monocristallin en 15 
silicium ; et 

(c) apres, croissance d'un film mince monocris- 
tallin par une 6pitaxie en phase vapeur sur la 
surface principale depourvue du film (24) d'oxy- 20 
de natif, a une temperature de 1 000°C ou infe- 
rieure, 

caractertse en ce que 

25 

le gaz melange est constitue de gaz de fluorure 
d'hydrogene et de gaz d'hydrogene, et en ce 
que 

ledit gaz m6lang£ est introduit dans la cuve (1 2) 30 
du r6acteur, tandis que la temperature du subs- 
foss ^.^.trat.mpnocristallin en silicium est augmentee. 

2. Precede selon la revendication 1 , selon lequel le 
gaz melange est introduit quand la temperature du 35 
substrat (W) monocristallin en silicium est egale a 
100°C ou superieure. 

3. Precede selon Tune des revendications 1 ou 2, se- 
lon lequel le chauffage dudit substrat (W) monocris- 40 
tallin en silicium commence a une temperature de 
100°C ou une temperature inferieure. 

4. Procede selon Tune quelconque des revendications 

1 a 3, selon lequel le substrat (W) monocristallin en 45 
silicium est place dans une cuve (12) d'un reacteur 
et est supporte sur sa face arriere par contact ponc- 
tuel en plus de trois points ou par un support annu- 
lare. 

50 

5. Procede selon I'une quelconque des revendications 
1 a 4, selon lequel ledit gaz melange est prepare de 
sorte que le gaz de fluorure d'hydrogene dans la 
cuve (12) du reacteur ait une concentration variant 

de 0,001 a 1 ,0% en volume. 55 
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